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Abstract 
A traditional pour point depressant (PPD) of acrylate polymer is in solid form at room temperature. The costing for preheating and 
dilution is a prerequisite to be considered for its utilization in a crude oil industry. Hence, this PPD was improvised as an emulsion 
system in order to increase its flow ability. Evaluation of the emulsion system has been elucidated and its PPD performance has 
also been studied. The emulsified PPD could flow as low as -20 oC. The viscosity of emulsified PPD is much lower which is about 
16 cP while traditional PPD solid at room temperature. The particle size of the sample increased by freeze thawed activities, but 
does not affect the stability of the emulsion. The zeta potential is about -43 mV showing that the emulsion is in the stable range. 
The pour point performance of emulsified product is better compared to traditional PPD. The increasing trends of performance by 
increasing the injection showing that the polymer content is the most influenced factor that increased pour point performance of 
emulsified PPD. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
PPDs have been used greatly as crude oil flow improver for several decade. Crude oils contain of waxes which is 
tend to crystallize to produce cage-like structures such that traps the movement of crude oil1. PPDs improve the flow 
of crude oil by inhibit the crystallization growth of wax. PPDs are usually formulated with active compounds (crystal 
modifiers) dissolved in organic (aromatic) solvents for oilfield use2. However a traditional PPDs are waxy materials 
that tend to solidified at room temperature. Crude oil producers need to heat up the PPDs or diluted with solvent before 
being able to pump into down hole of production site. These methods create additional costing for the refiners. A PPD 
of acrylate polymer (Trade name: PD90) is solvent based PPD. It has strong polymer-solvent interaction. It has low 
melting point of around 45 oC which will make it solidify at room temperature. To utilize this chemical additive in 
crude oil’s well, preheating is required to make sure that this material is pump able. The introduction of an emulsion 
system to PD90 would produce a flow able material at room temperature such that the preheating cost would be 
discarded. Emulsion technique was used to create emulsified PD90 to form fine droplets of PPD in a free polymer-
solvent interaction medium. The emulsion has two different phases in which the water-based will form a continuous 
phase to act as a carrier for the oil polymer-based hence give a better flow ability to PD903. As an emulsion system is 
being introduced for this PD90, it has a tendency to break and the mixture becomes separated at elevated temperature. 
In considering that factor, freeze thaw test has been conducted for emulsified product followed by particle size 
evaluation. Particle size is important parameter that indicates the stability of an emulsion4. However, the knowledge 
on the emulsion state of the acrylate polymer after being emulsified is still scarce in the literature. Hence, the present 
study aims to prepare emulsified PD90 by emulsion technique and to investigate the emulsion behaviour such as 
freezing point, viscosity at room temperature, particle size and zeta potential of the emulsified products as well as to 
evaluate its performance as PPD towards synthetic crude oil/paraffin wax solution after being emulsified.  
 
Nomenclature 
PPD pour point depressant 
PD90  pour point depressant of acrylic polymer 
2. Material and method 
2.1 Materials 
PD 90, emulsifier (MWV) and Solvesso 150 were supplied by ACME Chemicals (Malaysia) Sdn. Bhd. Xylene, 
diethanolamine and ethylene glycol were purchased from Merck Sdn. Bhd. PD90 consist of 40 to 60 wt. % of acrylate 
polymer in xylene.  
 
2.2 Preparation of emulsified PD90 
Emulsified PD90 was prepared by mixing PD90, xylene, Solvesso 150, MWV, diethanolamine, ethylene glycol 
and distilled water at 50 oC and stirred at 500 rpm for 1 hour. The mixture was sonicated at 70 Hz until the mixture 
reach 60 oC. The mixture was left to cool down to ambient temperature. 
 
2.3 Rheology evaluation 
2.3.1 Flow ability 
       The thermal properties were determined by using Mettler Toledo DSC1-Differential Scanning Calorimetry 
(DSC), United States system apparatus with nitrogen as purge gas. Starting from 30 ◦C, sample with the range of 6-
10 miligram was first cooled until reaching -60 oC, held isothermally and then heated to 70 oC at a pre-defined rate of 
10 oC/minute. So, the first cycle or scan was completed. In order to delete any thermal history effects, two 
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heating/cooling cycles were employed, so that thermal properties were obtained from the second cycle. 
2.3.2 Viscosity 
       Viscosity of PD90 after emulsified were measured by using Brookfield viscometer. Viscometer was loaded with 
samples and sheared by using spindle set no 04. 
2.3.3 Particle size and zeta potential 
       Particle size and zeta potential were measured on a Malvern Instruments Nano ZS Zetasizer, using a flow through 
cell with a Malvern Instruments MPT-2 Multi-Purpose Titrator. Particle size has been measured for the fresh and after 
freeze thawed test samples. 
2.4 Stability test 
       Freeze thawed test was conducted by freezing the samples in chiller at temperature -19 oC for 20 hours.  Then the 
samples were taken out and heated in water bath at 50 oC for about 4 hours.  Samples are then being cooled down at 
ambient temperature before observations had been made.  The cycles had been made until week 4 which equally to 4 
cycles.  
 
2.5 Performance evaluation 
       A pour point depressant performance test was conducted to study the emulsified PD90 response or performance 
towards synthetic crude oil after being emulsified. The pour point performance testing has been made according to 
ASTM-D97 method. The method involves periodically tilting a tube containing sample of crude oil at decreasing 
temperatures, to find the temperature where there is no movement of the crude. 
3. Results and Discussion 
3.1 Flow ability of emulsified PD90 
Figure 1 shows the DSC curve for the solvent based PD90 and emulsified PD90. From the figure, it shows that the 
emulsified PD90 has the melting point of -20 oC while solvent based PD90 is about 45 oC. This is due to the emulsion 
state that allowing the water-based to act as a medium without forming any direct interaction between the active 
compounds. In the system, active compounds which is soluble in aromatic solvent would be encapsulating by 
emulsifier to present as a small droplet or particle inside the water-based. Water-based used in this formulation was 
the mixture of ethylene glycol and water. The melting point of this water-based indicated in DSC curve would make 
sure that the resulted emulsified product has ability to be stored and used in cold weather countries. Conversely, the 
active compounds in solvent based PD90 had directly interact with the solvent so that solution tends to solidified at 
low temperature. 
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Fig. 1. DSC curve for PPD before and after emulsified 
 
3.2 Viscosity of emulsified PD90 
Viscosity is one of the most important parameters in achieving a good pump ability of pour point depressant. The 
viscosity of the solvent based PD90 was not able to be measured as it solidify at room temperature. After being 
emulsified, the emulsion viscosity is about 16 cP at room temperature as shown in Table 1. The resulted value of 
emulsified PD90 could be said on a par compared to other available emulsified PPD which is below 10 cP. Emulsified 
PD90 contained 60 wt. % of water-based. Amount of water-based in the system could affect the viscosity of a resulted 
emulsion. The viscosity of ethylene glycol based water solution is only 2.2 cP at room temperature. The solution was 
mixed with solvent based PD90 to produce 16 cP of emulsified PD90. The data illustrates that emulsified product had 
greatly improve their flow ability as well as low temperature handle ability. 
 
Table 1. The viscosity of pour point depressants at room temperature 
 
Type of PPD Viscosity at room temperature, cP 
Solvent based PD90 Solidified 
Emulsified PD90 16 
Other emulsified PPD5 <10 
 
3.3 Particle size and zeta potential of emulsified PD90 
Figure 2 shows the trend of particle size for the sample after being freeze thawed for 4 cycles within 20 days. The 
particle size increases by the number of freeze thaw cycles applied to the samples. However, this trend would not 
affect the stability of the emulsion as there is no separation observed during the test as shown in Figure 3. In order to 
confirm the stability of the emulsion, zeta potential of emulsified PD90 is also determined. The zeta potential value 
of emulsified PD90 before and after were about -43 and -37 mV, respectively. There was a small reduction in zeta 
potential yet could not affect its stability. The value in the range of ±40 to ±60 mV reflected to good stability of 
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emulsion6. For such a situation the colloid will be more stable, the further away it is formulated from the isoelectric 
point. The electrostatic repulsion of the particles become main contributor that will lead to a stable dispersion. The 
stable emulsion would make sure that it would be able to use in an extreme condition as well as could improve storage 
capability. 
 
Fig. 2. Particle size trends by number of cycles 
    
 
Fig. 3. (a) Emulsified PD90 before; and (b) after being freeze thawed for 20 days 
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3.4 Applied test, ASTM D97 
     In Fig. 4, emulsified PD90 showing excellent pour point reduction as compared to solvent based PD90. This is due 
to the ability of emulsified PD90 to flow at low temperature (-20 oC) as compared to solvent based PD90. The flow 
ability of emulsified PD90 possesses higher kinetic energy so that it could efficiently move around freely and then 
propagate to the waxes molecule in order to inhibit the crystallization growth of paraffin wax. Furthermore, micron 
size (0.17 µm) of the oil droplets in emulsion state such proved by particle size measurement could provide higher 
surface area so that the interaction between polymer and paraffin wax would be higher. Increase of additive dosage 
could also increases the pour point reduction of paraffin wax. This is attributed to high active content of the polymer 
which efficiently inhibits formation of crystallization growth of the wax.  
 
Fig 4. Pour point depressant performance for solvent based PD90 and emulsified PD90. 
 
     To demonstrate the mechanism of treated paraffin wax solution by emulsified PD90, the schematic diagram of 
paraffin wax before and after being treated is shows in Fig. 5. In a paraffin wax solution, the wax crystals is spread 
around the system. Wax crystals start to form agglomeration as temperature decreases. The agglomeration becomes 
larger by time. Addition of emulsified PD90 will interlock the paraffin wax and altering the crystal arrangement so 
that the agglomeration of wax would decreases. The polarized optical microscopy (POM) is used to visualize the 
molecule structure of the paraffin wax solution before and after being treated with emulsified PD90 as shown in Fig.6. 
The crystal structure of paraffin wax in hexane can be seen scattered at the beginning stage of crystal growth. After a 
certain time, the crystal structure starts to growth and become larger by time to form crystal network of paraffin wax 
as shown in Fig. 6 (b). However, the crystal growth of wax has been retarded by addition of emulsified PD90 as shown 
in Fig.6 (c). There is no any crystal network has been observed with treated paraffin wax solution. It was attributed to 
the polymer structure that could increase the meta-stable zone width (MSZW) of wax and hence decrease the size of 
wax crystals grown from solution7. 
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Fig 5. Treated paraffin wax by emulsified PD90 
 
 
 
Fig 6. (a) Crystal structure of paraffin wax solution before growth; (b) crystal growth of paraffin wax to form crystal network; (c) treated paraffin 
wax solution with emulsified PD90 at 20X magnification of POM. 
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4. Conclusion 
Emulsion behaviour such as freezing point, viscosity at room temperature, particle size and zeta potential of the 
emulsified products has been studied. Emulsified PD90 could flow at room temperature while solvent based PD90 
become solidified. Emulsified PD90 could flow at colder temperature as the freezing point of the solvent is around -
20 oC. It would ensure that emulsified PD90 could be stored in a cold environment. The viscosity of emulsified PD90 
at room temperature was much lower than traditional PPD. It would give benefit in terms of handling and storage. 
The particle size trends have been evaluated after the emulsified PD90 undergo freeze thawed testing. The trend shows 
the increment but do not affect the stability of emulsion. The zeta potential data had confirmed the stability of the 
emulsion. The good stability of emulsified PD90 would allow them to store at any condition without any separation. 
The performance as pour point depressants towards synthetic crude oil after being emulsified has been successfully 
evaluated. The performance as pour point depressant for emulsified PD90 is better than solvent based PD90. The 
performance also increased as the active content of polymer increased. 
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